A method was developed for culturing protoplasts freshly isolated from developing soybean (Glycine max L.) cotyledons. First cell divisions were observed within 5 days after protoplast isolation and microcalli, consisting ofabout 20 cells, were formed within 10 days. Thirty days after protoplast isolation, callus tissues were observed without the aid of a microscope. A 30 to 50% plating efficiency was consistently obtained. Using a polyethylene glycol-electroporation technique, DNA was introduced into these protoplasts. The protoplasts were then cultured to form callus. Chloramphenicol acetyltransferase (CAT) activity was detected in protoplast cultures 6 hours after introduction of a 35S-CAT-nopaline synthase 3' chimeric gene. The highest CAT activity was detected in 3-day-old electroporated protoplast cultures, indicating transient expression of the introduced gene. Some CAT activity was detected in 40-day-old callus cultures and in geneticin (G418) selected callus tissues which also received a chimeric neomycin phosphotransferase II (8) . In brief, soybean pods were collected, surface sterilized by submerging the tissue in 20% Clorox with 0.1 % Tween 20 for 20 min and washed three times with sterilized distilled water. After pod walls, seed coats, and embryonic axes were removed, cotyledons were sliced into 2 mm sections and incubated in a cell wall-digesting enzyme mixture consisting of0.5% CELF cellulase (Cooper Biochemicals), 0.01 % pectolyase Y-23 (Seisen Phamocitical), 0.05% merserase (Sigma), 0.5 M sorbitol, 0.5 mm DTT, and Gamborg's B-5 salts (5) at pH 5.8, for 16 h at 26°C. Protoplasts released from the tissue were separated from undigested tissue by allowing the mixture to sit in a conical centrifuge tube for 5 min. Protoplasts in the suspension were then collected by centrifuging the mixture at 200g for 3 min. Floatation of protoplasts through a metrizamide-sorbitol gradient (8) was used to purify the protoplast preparation. Purified protoplasts were washed once with culture medium (see below) and used for culture or for electroporation. All solutions used were filtered through a 0.2 Mm millipore filter and isolation steps were conducted under aseptic conditions in a laminar-flow hood (Edge Card Hood) at room temperature, except as otherwise stated.
Soybean (Glycine max L.), a major crop in the United States, has been a subject ofplant tissue culture research for many years. However, until recently (1, 7, 11) , attempts to regenerate intact soybean plants from tissue culture have been unsuccessful. Plant regeneration from soybean protoplasts has not yet been accomplished. In this communication, a method is presented for culturing protoplasts freshly isolated from developing soybean cotyledons. We detected some differentiated structures in callus tissues derived from these cultured protoplasts. Since the tissue of protoplast origin, the immature soybean cotyledon, has been reported to be capable of forming somatic embryos that develop into apparently normal appearing soybean plants (1, 7, 11) , we believe that the method reported here for protoplast culture may provide a first step toward obtaining intact soybean plants from cultured protoplasts.
The development of successful systems for producing transgenic plants depends upon (a) the construction of chimeric genes that are functional in plant cells, (b) the development of techniques that allow efficient delivery of these genes to the plant cells, and (c) the development of methods for culturing cells, for selecting transformed cells, and for regenerating whole plants. Recent Protoplast Culture. Freshly isolated or electroporation-treated (see below) protoplasts were plated on 6 or 12 well cell culture cluster dishes (GibcoWare, Gibco) at a concentration of 0.2 to 0.25 million protoplasts per ml. Two mm of0.7% agar in culture medium were first layered on the bottom of each well. Culture medium, consisting of 0.4 M sorbitol, Gamborg's B-5 salts (5), 2% sucrose, 1 mg/l NAA, and 0.1 mg/L 6-BAP at pH 5.8, was added to 6 well dishes at 8 ml per well or to 12 well dishes at 3 ml per well. After 4 days in the dark at room temperature, culture dishes were transferred to a tissue culture room with a 12 h photoperiod at 101 uE/mr2s intensity, 24°C constant temperature, and 33% constant relative humidity. After 1 month of culture, 1 ml of microcallus suspension was transferred to a 60 mm petri dish containing the above medium with 0.7% agar. Selection of stably transformed callus tissues containing the nptlI gene (see below) was also started at this time by transferring microcallus suspensions to culture medium containing 10 mg/L G418. Two to three weeks later, callus tissues were used for regeneration and suspension culture studies.
Electroporation and CAT Assay. A Beakon 2000 series 1 Advanced-Gene-Transfer-System (Beakon, CA) was used to introduce foreign genes (described below) into freshly isolated protoplasts. The system setting was as follows: amplitude, 8 kV; no. of pulses, 4; burst time, 0.4 s; cycle, 5; fixed pulse time, 62.5 ,us; and non-contact mode dial setting, 611 for 1 mm distance for 1 ml of protoplast-DNA mixture. The complete reactor unit was kept in a laminar-flow hood throughout the experiment.
The electroporation procedure included incubation of 0.75 ml of protoplast suspension (containing about 0.75 million protoplasts) at 35°C for 5 min followed by mixing with 37.5 ig calf thymus DNA (serving as carrier DNA) and 7.5 sg of plasmid DNA. The cells and DNA were left at room temperature for 10 min. Then 0.25 ml of 120 mM MgCl2 and 30% PEG 6000 in protoplast culture medium was added and one ml of the protoplast and DNA mixture was transferred to the receptacle. Electric pulses were applied and treated protoplasts were cultured as described above.
At different intervals after electroporation, protoplasts were collected from the culture dishes by transferring the culture mixture to centrifuge tubes and centrifuging at 1 50g for 3 min. Protoplasts were then resuspended in 0.45 ml of tissue homogenizing solution consisting of 1% ascorbic acid, 0.1 mM DTT, 50 mm sucrose, and 0.1 M Tris (pH 8.0). After sonication (3 times for 10 sec on ice to break open the protoplasts), the protein concentration in the extract was determined using the Bio-Rad reagent. Protein extracts of callus tissue were made by grinding about 1 g of tissue in tissue homogenizing solution with a mortar and pestle. Aliquots containing 30 gg of protein were used for CAT activity measurements, as described previously (6) .
Construction of CAT Gene Plasmids. A chimeric gene consisting of the cauliflower mosaic virus (CaMV) 35S promoter (35S-P), CAT coding region, and NOS 3' region including the polyadenylation site was constructed as follows. The 35S promoter fragment was prepared as described previously (9) except that the 3' end of the fragment is 21 bp 3' to the transcription start site for the 35S RNA. This 965 bp EcoRI-HindIII fragment was substituted for an EcoRI-HindIII fragment containing the NOS promoter in the plasmid pKNK that was kindly provided by N. Yadav (see Fig. 1A ). The construction of pKNK will be described elsewhere (N Yadav unpublished data). The CAT coding region was isolated as a 975 bp Sau3A fragment from pBR325. After filling in the ends with the Klenow fragment of DNA polymerase I, this fragment was blunt end ligated into the similarly blunted Sail site of pGEM2 (Promega Biotech). From a clone, named pGCAT9, with the insert oriented such that the polylinker HindIII and BamHI sites of pGEM2 are located 5' and 3' to the CAT coding region, respectively, the HindIII-BamHI fragment was isolated. This fragment was substituted for the HindIllBamHI fragment containing the neomycin phosphotransferase II (nptll) coding region in pKNK. The 700 bp BamHI-Clal NOS 3' fragment of pKNK was left intact. The resulting plasmid was named pK35CAT.
A similar construction of the chimeric 35S-CAT-NOS 3' gene, that is functionally equivalent to the gene in pK35CAT, was put together in pGEM2. The BamHI-EcoRV NOS 3' fragment was isolated from pKNK and added 3' to the CAT coding region in pGCAT9 between the BamHI and SmaI polylinker sites. (EcoRV and SmaI both generate blunt ends.) The 35S promoter was added last as a 965 bp blunt end fragment in the T4 polymerasefilled PstI polylinker site 5' to CAT, so that clones with each orientation of the 35S promoter fragment could be obtained. A clone with the promoter oriented to express CAT was named pG35CN, and one with the inverted promoter was named pG53CN (Fig. 1B) .
To provide a selection marker for stable transformation experiments, a chimeric gene that confers G4 18 resistance on expressing cells was added to pK35CAT. This marker gene consists of the nopaline synthase promoter, the bacterial neomycin phosphotransferase II coding region (nptlI), and the NOS 3' polyadenylation signal sequence region. A DNA fragment including this chimeric gene was blunt end ligated into the blunted Sall site of pK35CAT (Fig. IA) (8) . Protoplasts isolated for physiological studies with the enzyme mixture previously used (8) were not easily cultured. However, by lowering the concentration of all cell wall digestion enzymes and the incubation temperature, we are able to isolate protoplasts that are capable of undergoing normal cell division and producing viable callus tissues. Figure 2A shows that the protoplasts isolated under the new conditions are morphologically identical to those previously described (8) . Calcoflour White staining shows that more than 95% ofthe protoplasts isolated were free of cell wall material (data not shown). After 4 to 5 days of culture, the first cell divisions were observed (Fig.  2B) and microcalli, consisting ofabout 20 cells, could be observed within 15 days of culture (Fig. 2, C and D) . By 30 d of culture, visible callus tissues were formed on agar plates (Fig. 2, E CAT activity in G418 selected callus tissues. CAT activity was assayed in 3 month old callus tissues which were grown in culture media with (lanes 3 and 4) and without (lanes 1 and 2) 10 mg/L G418. Callus tissues of lanes 3 and 4 were derived from protoplasts electroporated with pK35CATK and lanes I and 2 were from protoplasts electroporated with carrier DNA only. Arrows point to acetylated forms of chloramphenicol.
of the protoplasts undergoing several cell divisions and about 30 to 50% of the isolated protoplasts producing callus tissue. It was also noted that before the first cell division, protoplasts underwent a 50 to 100% enlargement and plastids were evenly distributed throughout the cytoplasm. More recently, we have also cultured protoplasts that were isolated from tissues incubated in 1% CELF cellulose and 0.02% pectolyase Y-23 for 4 to 6 h with identical results (data not shown).
Differentiation of Callus Tissues. After 30 to 35 days ofculture, calluses of approximately 5 mm in diameter were transferred to differentiation culture medium for regeneration tests. After 10 days of culture in 1/2 strength MS minimal salts plus B-5 organic salts and 0.05 mg/L NAA, 0.33 mg/L 6-BAP, 0.33 mg/L zeatin, 0.7% agar at pH 5.8, two types of calluses were formed (Fig. 3) . Some callus tissues with granular structures (Fig. 3A) formed root-and shoot-like structures. However, the majority of the callus tissue remained in friable (Fig. 3B) form and continued to enlarge with some forming dark green callus tissues. Although we were not able to produce true shoots from the culture, these signs of differentiation do provide encouragement for further attempts to regenerate soybean plants from protoplast cultures.
Expression of CAT Genes in Protoplast Culture. Soybean protoplasts prepared as described above were tested for the ability to take up and express foreign DNA. The pK35CAT plasmid carrying a 35S-CAT-NOS 3' chimeric gene (Fig. IA) was introduced into protoplasts by electroporation. Figure 4A shows that 6 h after this treatment some CAT enzyme activity was present in the protoplast extract. The CAT activity in the protoplasts increased with time after electroporation reaching a maximum at 3 d, and decreasing thereafter. These results show that the 35S-CAT-NOS 3' DNA can be taken up by soybean protoplasts and expressed in a transient manner. While CAT activity was expressed from the equivalent chimeric gene in pG35CN (see "Materials and Methods"), none was detected after introduction of pG53CN, which contains the chimeric gene with an inverted 35S promoter (Fig. 4B) . This result supports the presumption that the 35S promoter is responsible for transcription ofthe CAT coding sequence in the soybean protoplasts. To determine whether the form ofthe plasmid DNA affects its expression level, pK35CAT was linearized with Sall ( Fig. IA) before introduction into the protoplasts. Unlike results from tobacco protoplast transient expression (3), no significant difference in CAT activity was found in soybean protoplasts after receiving either circular or linear plasmid DNA. When the 35S promoter was replaced by the nopaline synthase promoter, a much lower level of CAT activity was detected (data not shown).
Following electroporation with linear or circular pK35CAT, protoplasts were cultured to form microcalli. An extract made from pooled microcalli 40 days after treatment contained some CAT activity (Fig. 5) , suggesting the presence of stably transformed soybean cells. To allow selection of stable transformants the pK35CATK plasmid containing chimeric genes for nptll as well as CAT expression was introduced into protoplasts. After 30 d the microcalli were transferred to a selection medium containing 10 mg/L of G418. Control microcalli that were not treated with DNA containing the nptIl chimenc gene did not grow further on this level of G4 18. Some larger calli did develop from pK35CATK treated protoplasts. Several were assayed individually for CAT activity after two months of growth on G418 and as shown in Figure 6 , each callus did have CAT enzyme activity that is above the control level. These G418 resistant calluses represent stably transformed soybean cells. 1, 7, 1 1) . We have developed techniques for preparing and efficiently culturing protoplasts from this same tissue. We observed some tissue differentiation and with further modifications of the culture conditions we hope to obtain the formation of true shoots.
We have shown here that the developing soybean cotyledon protoplast cultures are capable of taking up and transiently expressing a foreign chimeric gene following an electroporation procedure. The CAT coding region was expressed from the cauliflower mosaic virus 35S promoter, a promoter that has been shown to direct high levels of constitutive expression of adjacent coding regions in transformed tobacco plants (9) . The 35S promoter has also been shown to be active in cells from a wide range of plant species including dicots and monocots (2, 4, 9, 10) Agrobacterium tumefaciens (W Lin, N Yadav, unpublished data). These transformation procedures, when coupled with regeneration procedures, will allow the modification of genetic traits of soybean plants.
